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Abstract 
 
With recent advancement, Wireless Body Area Network (WBAN) plays an important role to detect various diseases of a patient 
in advance and informs the medical team about the life threatening situation. WBAN comprises of small intelligent Biomedical 
sensors which are implanted inside patient body and attached on the surface of a patient to monitor different vital signs, 
namely; respiratory rate, ECG, EMG, temperature, blood pressure, glucose. The routing layer of WBAN has the same challenging 
problems as similarly faced in WSN but the unique challenge is the temperature-rise during monitoring of vital signs and data 
transmission. IEEE 802.15.6 MAC Superframe of WBAN is different from IEEE 802.15.4 MAC of WSN and provides channels to 
emergency and non-emergency data for transmission. As similarly seen in WSN, PHY layer of IEEE 802.15.4 and IEEE 802.15.6 
provide various modulation techniques for data transmission. The purpose of this study is to familiar with routing layer, MAC 
layer and PHY layer in the cross-layer design of WBAN. 
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1.0  INTRODUCTION 
 
WBAN has brought advancement to monitor the health 
condition of a patient without need of medical care 
team. Due to insufficient health resources to provide in 
time, various chronic diseases affect the health 
condition of people which increase the number of 
patients in millions each year [1][2]. These shorting 
coming in the healthcare domain, the WBAN has 
recently stimulated changes to monitor various diseases 
of a patient without affecting his/her daily activities [3]. 
There are three types of biomedical sensors (BMSs), 
namely; implantable, wearable and off-body BMSs, 
and are connected with a body area network 
coordinator (BANC) which are used to monitor various 
vital signs a patient body [4][5] as shown in Figure1. The 
implantable BMSs are installed inside the patient body, 
the wearable BMSs are also known as attachable BMSs 
which are attached on the skin surface of a patient 
body. Whereas, the off-body BMSs are placed near to 
the patient body to monitor audio/video based the 
health condition of a patient body such as sleeping 
position, RUN, WAKING, SIT. The purpose of deployment 
of implanted and wearable BMSs are to detect any 
type of uncertainty during monitoring of EEG, ECG, 
heartbeat, respiratory rate, blood pressure, glucose 
level, temperature [5][6] etc. Further, the vital signs 
reading are classified into four groups that are Critical 
data Packet (CP), Reliability data Packet (RP), Delay 
data Packet (DP) and Ordinary data Packet (OP) [7][8] 
and are also called as natured-of patient data. The CP 
and RP are emergency data while DP and OP are non-
emergency data. The CP is the first priority data to 
allocate channel for transmission which contains low 
threshold values of vital signs. The RP is the second 
priority to allocate channel which contains high 
threshold values of vital signs. The DP is the non-
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emergency data and it is placed on third position to 
allocate channel for transmission. The DP contains 
audio/video streaming of a patient physical 
examination.  The OP contains routine checkup of the 
patient’s body such as temperature reading and is 
placed in the fourth position. The low threshold vital sign 
is in the life threatening situation and needs to transmit 
to the medical staff first as compared to the high 
threshold vital sign [9]. The reason is that the low 
threshold of a vital sign approaches towards zero value 
and high threshold value of a vital sign is far away from 
the low threshold value. The channel allocation to BMSs 
is the responsibility of a BANC which is the unique 
challenging problems due to resource constraints 
structure of BMSs, temperature-rise issues, detection of 
critical data and allocation of channel on the basis of 
priority, selection of suitable paths for data transmission, 
weak signal of an antenna, high energy consumption 
to verify and select the low temperature path for data 
transmission, update routing table, mobility, and 
security [6][10][11]. These are the prominent problems 
to work on them.      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Numerous research contributions have made for the 
aforementioned problems in WABN. The cross-layer is 
the capabilities to enhance the performance of the 
routing layer, Medium Access Control (MAC) layer, PHY 
layer which are required for a patient data [12]. 
Therefore, the application layer, and transport layer are 
associated with routing, MAC and PHY layers of the 
TCP/IP protocol suites which helps to establish a 
connection between layers for data transmission [13] 
[14]. Each layer shares the status of the required services 
and provides information of it, and list of parameters 
that have been used and other information as 
depended on the application objectives. These types 
of information exchange with the remaining four layers 
to transmit data. 
In wireless communication, the application layer 
provides the functionalities of data format, compression 
and encryption for end-to-end messages during 
transmission [13][15][16]. To achieve data reliability, the 
transport layer divides the large amount of data of a 
patient into several blocks of messages which helps to 
protect the network from congestion during 
transmission [13][16]. The source BMS selects those BMSs 
that have minimum temperature and consumes 
minimum energy consumption of the intermediated 
BMSs in the routing layer. The aim of verifying 
temperature and energy is to provide reliable data 
transmission [16]. The security is provided to messages 
during transmission with support of IPSec protocol [17]. 
IEEE 802.11, 802.15, and 802.16 families are associated 
with MAC layer and this layer plays a significant role to 
provide various scheduling access schemes, 
contention-based slots allocation, on the priority basis 
slots allocation to emergency and non-emergency 
based BMSs [13][16][18][12]. The similar families of IEEE 
are also used in PHY layer to provide different services 
such as transmission power strength, channel frequency 
modulation and data rate [12][13][16] [18].  
This paper is constructed as follows: section 2 
presents different implantable and wearable BMSs with 
functionalities. Section 3 presents categorization of 
cross-layer design. The routing, MAC and PHY layers of 
WBAN present in section 4. Finally, the conclusion of this 
paper presents in section 5. 
 
 
2.0  CATEGORIZATION of BMSs 
 
The architecture of BMS consists of a physiological signal 
and radio transceiver [19]. The functionality of 
physiological signal is to monitor vital signs of a patient 
body and converts the sensed analog signals into a 
digitized pattern. The digitized signal forwards the 
converted data of patient’s vital signs to radio 
transceiver which communicates the digital signal to a 
BANC. Further, the BANC forwards the findings of vital 
signs to the medical staff through internet [4] for 
necessary actions according to the condition of vital 
signs. Table 1 shows various functionalities of wearable 
and implantable BMSs [19][20] where they monitor 
different vital signs of a patient body such as blood 
pressure, EEG, ECG, EMG, Temperature and artificial 
retina, camera pill respectively.  
The Star/mesh topology is used to connect BMSs with 
a BANC and BANC is subject to assign channels to the 
deployed BMSs as depends on the condition of vital 
signs. Now the question is: how a sensor can use the 
routing, MAC and PHY layers for heterogeneous 
natured of patient data in order to transmit the 
emergency data first to the BANC? For example: The 
respiratory rate sensor is detected a low threshold value 
and the glucose sensor is detected normal value. The 
low threshold value of a vital sign is in life-threatening 
situation and it should give the first priority to transmit [9]. 
These types of emergency and non-emergency patient 
traffic handle with the support of cross-layer 
architecture because BANC is responsible to allocate 
first slot to the respiratory sensor and then the glucose 
sensor [7][21][22][23] which is challenging problem in 
the cross-layer wireless communication. Therefore, the 
cross-layer architecture classifies the responsibilities of 
BMSs into Manager, Non-manager and centralized and 
distributed methods [12][16][24][25]. These methods 
Figure 1 Typical structure of deployment of BMSs 
107                                  Fasee Ullah et al. / Jurnal Teknologi (Sciences & Engineering) 78: 4–3 (2016) 105–113 
 
 
help to allocate resources and shares among five layers 
of TCP/IP model.
 
Table 1  WBAN BMSs with their functions [19][20] 
 
 
3.0  CROSS-LAYER DESIGN CATEGORIZATION 
IN WIRELESS COMMUNICATION 
 
The five layers of TCP/IP protocol are implemented on 
BMSs and across the network. There are challenging 
problems for BMS (1) how can a BMS utilize and share 
the functionalities of five layers of TCP/IP internally? (2) 
how can BMSs use these five layers for information 
distribution across the network? For  question (1): The 
Manager and Non-manager methods [12][16][24][25]. 
Whereas for question (2), The centralized and 
distributed methods [12][16]. The centralized and 
distributed methods are used to share information 
among BMSs in the whole network. 
 
3.1  Manager Method 
 
This method is also known as inter-layer method which 
proposes a vertical plane (VP) to share resource among 
layers [16]. Each layer does not communicate with 
other layers of TPC/IP for resource sharing but each 
layer stores the required functions in vertical plane as 
shown in Figure 2 (a) (re-drawn from [14][16]). The VP 
makes an association between layers for resource 
sharing.  
 
3.2 Non-Manager Method 
 
This method is also known as intra-layer method and 
each layer shares information with other layer as shown 
in Figure 2(b) (re-drawn from [14][16]). For example, the  
application layer shares data format, encryption 
information and communicates with other four layers of 
TP/IP model. These types of information are shared 
sequentially and through this way the transport layer 
shares information to network layer, MAC layer and PHY 
layer [26]. The information sharing is continued until to 
complete data transmission process.  
 
 
Figure 2.(a) Information sharing for manager  method, 
 
Figure 2 (b)  Information sharing for non-manager  method (re-
drawn from [14][16] 
 
3.3  Centralized Method 
 
The centralized method is categorized into different 
multi-levels hierarchy where different types of required 
information and resources are shared among BMSs in 
the network as depicted in Figure 3(a) (re-drawn from 
[16] [14]. The level-0 is comprised of a Base station which 
Sensor Placement Data 
Rate 
Topology Function 
Blood Pressure Wearable High Star Measures Maximum and Minimum threshold 
values 
EEG/ECG/EMG High Measure Voltage differences 
Humidity Very Low Observe humidity changes 
Blood Oxygen 
Saturation (CaO2) 
Very Low Measure absorption ratio in  blood oxygen 
saturation 
Pressure High Measure Pressure values 
Respiration High Measure breathing of the patient 
Glucose High Measure the blood circulation rate in a body 
Temperature Very Low Measure the coolness or hotness of a body 
Artificial Retina Implantable High Collect information from the environment and 
convert it to the electrical signals 
Artificial Cochlea High Implant in ears and helps to convert voice 
signals into Pulses 
Camera Pill High Swallow the pill in order to monitor various 
parts of a body 
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is responsible to allocate channels to BMSs in the 
remaining levels (lower levels) of the network in real-
time without delay. The level-1 is also comprised of 
BMSs, which are in direct communication range to Base 
station. In a similar way, the level-2 is comprised of BMSs 
that are connected with direct paths to the centralized 
node. The purpose of multi-levels classification is to 
ensure the resource distribution among the sensor 
nodes of the network.  
 
3.4  Distributed Method 
 
The resources (channels) sharing in the distributed 
method are not similar as described in the centralized 
method but each node forwards data to the 
destination node directly or via use of multi-hops and 
links as shown in Figure 3 (b) (re-drawn from [16][14]). 
The distributed method reduces performance of the 
network in terms of high delay if two nodes use the 
same node for data transmission and reception which 
creates data congestion and drops data. The [27] 
focuses on delay problems for heterogeneous nodes of 
data while data congestion problem has been resolved 
in [28].  
 
 
4.0  AIM OF CROSS-LAYER DESIGN IN WIRELESS 
BODY AREA NETWORK 
 
The aim of cross-layer architecture is to investigate the 
challenging problems and follow them in routing, MAC 
and Physical layers of WBAN [6][29]. In the cross-layer 
communication, each layer contains various 
configuration steps to give the required services to the 
particular element and solve it. This study tries to show a 
generalized structure of the cross layer in WBAN as 
presented in Figure 4 where various BMSs are deployed 
inside the patient body and attached to the surface of 
a patient body. These BMSs are connected with a 
BANC in the  star topology which monitor various vital 
signs such as heartbeat, respiratory rate, Blood pressure, 
temperature, glucose level, EEG, ECG, EMG 
[19][20][30]. The results of monitored vital signs are 
forwarded to BANC and BANC further forwards to 
medical staff via Base station. This paper classifies the 
cross-layer design for WBAN into three layers in the 
following sub-sections. 
 
4.1  Network Layer 
 
Various BMSs are deployed and connected with a 
BANC to transmit results of vital signs to medical staff for 
necessary actions as shown in Figure 4. All sensors are 
directly connected to a BANC during data transmission. 
The direct connectivity is granted under the criteria 
when there is no traffic and BMS is under the coverage 
area of a BANC then it can use a single-hop [30]. Use of 
Multi-hops, when a sensor is away from the coverage 
area of a BANC and/or sensor is minimum energy to 
transmit data [31].. The multi-hops BMSs consume 
minimum energy as compared to single-hop during 
data transmission [31]. 
 
 
  
(a) 
(b) 
Figure 3 Sharing information and Resources in the network with the support of cross-layer (a)Centralized method is used to share 
information between sensor nodes in the network and (b) in Distributed method, each sensor node is used single/more than one 
path to transmit data to destination node. 
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For data transmission, each BMS uses Carrier Sense 
Multiple Access/Collision Avoidance (CSMA/CA) and 
Time Division Multiple Access (TDMA) [21]. With 
CSMA/CA data transmission, each BMS performs 
Request-to-Send (RTS), Clear-To-Send (CTS) and Clear 
Channel Assessment (CCA) before data transmission 
which helps to avoid data collision. With TDMA 
transmission, the BANC divides the channel into fixed 
time period and assigns channels to sensors for 
transmitting data. Table 2 [32] compares the 
functionalities of TDMA and CSMA/CA. 
 
 
Table 2 Comparison of TDMA and CSMA/CA access schemes 
[32] 
 
Function TDMA CSMA/CA 
Power consumption Low High 
Bandwidth Utilization Maximum Low 
Preferred Traffic Level High Low 
Dynamic Network Average Good 
Effect of Packet failure Latency Low 
Synchronization Essential N/A 
 
 
     The TDMA based sensors consume less energy as 
compared to CSMA/CA. The reason is that TDMA 
allocates predefined timeslots to sensors in which they 
transmit data. Whereas, the CSMA/CA based BMSs 
perform contention to access channel all the time 
which degrades the network performance in terms of 
high energy consumption, high delay, and low data 
reliability [21]. These degradations do not allow to use 
for emergency data. 
 
4.1.1   Classification of Patient Data 
 
The patient data are classified into CP, RP, DP and OP 
[7][8]. The CP and RP are the most critical data of a 
patient whereas DP and OP are the non-critical data of 
a patient. The CP data comprises of a low threshold 
value of a vital sign such as low heartbeat, low 
respiratory rate; and RP data comprise of a high 
threshold value of a vital sign such as high heartbeat, 
high respiratory rate. The OP and DP comprise of 
temperature, glucose level etc of the patient’s body. 
The CP and RP data require the first highest priority to 
transmit data as compared to DP and OP. It has been 
noticed in WBAN that CP and RP-based BMSs use TDMA 
scheme to access channel while DP and OP-based 
BMSs use CSMA/CA scheme to access channel [21]. In 
an emergency situation, the BMSs transmit an alert 
signal to a BANC and BANC allocates channels to the 
particular BMSs without interruption of other sensors 
contentions [21]. 
 
4.1.2  Temperature-based Path Selection  
 
The routing table of each BMS keeps updated 
information of the whole network which comprise of 
number of hops-count to destination, energy, and 
temperature level of intermediate BMSs. During data 
transmission, the sender BMS verifies the 
aforementioned three parameters if the temperature of 
that BMS is high from threshold values then that 
particular BMS (the whole path) is not used as 
intermediate path for data transmission. The high Radio 
Frequency (RF), Biosensors antenna, and sensor circuitry 
are the main causes of heating up BMSs during 
monitoring of vital signs and transmission of results of 
vital signs which damages the tissues and skin of the 
patient body [33]. The [33] uses Specific Absorption 
Rate (SAR) which measures the temperature of BMSs 
before transmitting data on them as shown in Eq. 1.  
 
SAR = 
𝜎 |𝐸|2
𝜌
 (𝑊/𝑘𝑔)                (1) 
    Where σ is used to transmit the electrical heat. The ρ 
is used to find the density level of the tissues and E is 
used to measure the electric field radiation in a patient 
body. 
If the temperature level of a sensor node is minimum 
and energy is not enough to transmit data. With this 
uncertainty, the transmitter node updates the routing 
table and selects another node to transmit data [34]. 
Examples are DMQoS [8] uses routing and MAC layers, 
Framework of QoS-aware routing protocol [35], and 
[36]. They focus on the classification of patient data, 
packet classifier, transmission power, MAC 
transmitter/Receiver, QoS, and Routing table.  
 
4.2   MAC Layer 
 
IEEE 802.11, IEEE 802.15, and IEEE 802.15.1 [37] are not 
capable to monitor vital signs of a patient body. IEEE 
802.15.4 MAC Superframe structure has the capabilities 
to monitor various vital signs [38] and uses reduced-duty 
cycle to consume minimum energy of BMSs during 
contention to access channel [39]. This paper discusses 
MAC Superframe structures of IEEE 802.15.4 and IEEE 
802.15.6 in the subsections. 
 
Figure 4 WBAN Cross-Layer designs 
110                                  Fasee Ullah et al. / Jurnal Teknologi (Sciences & Engineering) 78: 4–3 (2016) 105–113 
 
 
Figure 5 Superframe structure of 802.15.4 MAC (re-drawn from [38]) 
 
 
4.2.1  Superframe Structure of IEEE 802.15.4 MAC 
 
The Superframe structure of IEEE 802.15.4 MAC 
comprises a beacon, contention access period (CAP), 
contention free period (CFP) and inactive period (IP) as 
depicted in Figure 5 (re-drawn from [38]). Various BMSs 
are implanted or attached to the patient body and 
connected to the BANC as depicted in Fig 4. The 
patient data is classified into normal, periodic, and 
emergency data. These data are represented as 
natured-of patient data in WBAN [40]. Usually, the 
normal data comprises of temperature and glucose 
level. The periodic data comprises of blood pressure 
recording whereas emergency data comprises of low 
and high threshold values of vital signs.At the beginning 
of communication, the BANC broadcasts a beacon 
message to all BMSs in the network and it includes 
information of BANC energy, and synchronization. The 
CAP period is implemented on CSMA/CA access 
scheme and CFP period is implemented on the TDMA 
access scheme.  
During data transmission, each BMS performs RTS, 
CTS and CCA along with contention to access channel 
in CAP period. The BANC allocates channels of CFP 
period to those BMSs who obtain channel access in the 
contention. The IP is used to save energy during sleep 
period of BMSs. However, the drawback of IEEE 802.15.4 
MAC is that it provides limited 16 slots which are not 
enough for heterogeneous natured-of patient data. 
Further, each BMS whether it is emergency-based or 
non-emergency based BMS perform contention to 
access channel and there is no dedicated channel 
allocated for emergency data without performing 
contention. During channel allocation, each BMS 
performs RTS, CTS and CCA which degrades the 
network performance in terms of high delay and low 
data reliability with high energy consumption. These 
elements reduce performance of MAC protocol 
therefore numerous research contributions have been 
performed to design and enhance the Superframe 
structure of MAC protocol. The examples are R-MAC 
[41], H-MAC [42], HEH-BMAC [43], [21], FCMA [44], PLA-
MAC [7], and PNP [45] etc. 
 
4.2.2 Superframe Structure of IEEE 802.15.6 MAC 
 
IEEE 802.15 working group decided in 2006 to design low 
power sensors. Therefore, they made a group, is known 
as Task Group 6 (TG6) is to develop sensors that can 
monitor vital signs of a patient and sportsman during 
their activities. In 2012, the first draft was publicized 
which provided the guidelines of functionalities of MAC 
and PHY layers with their Superframe structures [5][46].  
Figure 6 depicts Superframe structure of IEEE 802.15.6 
MAC which comprises of beacon, exclusive access 
phase (EAP-I/II), random access phase (RAP-I/II), type-
I/II and contention access period (CAP) [5][46]. During 
data transmission, each BMS synchronizes clock with a 
BANC when BMS receives a beacon. IEEE 802.15.6 MAC 
is used CSMA/CA and slot Aloha access schemes for 
the proposed MAC. The EAP-I and EAP-II are dedicated 
to carry emergency data. Whereas, the RAP-I, RAP-II 
and CAP are used to are dedicated to carry normal 
data such as temperature readings, glucose level and 
blood pressure of a patient body. The type-I traffic is 
represented as emergency data and type-II is 
represented as normal data to a BANC.  
 
+ 
Figure 6 Superframe structure of 802.15.6 MAC (re-drawn from [5][46]) 
 
 
4.3  MACs Comparison Of IEEE 802.15.4 and IEEE 
802.15.6 
 
The application of IEEE 802.15.4 is to monitor specific 
environment such as temperature of a room, battlefield 
for detection mines. Whereas, IEEE 802.15.6 is specially 
designed to monitor health condition of a patient, 
sportsman and can be used for entertainment purposes 
such as 3D movies, and adventure actions in movies as 
shown in Table 3. The maximum network coverage area 
of IEEE 802.15.6 supports 6 meters and IEEE 802.15.4 
supports 100 meters as aforementioned according to 
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the applications characteristics. The network scalability 
means add more sensors to the network and extends 
the coverage area. IEEE 802.15.4 supports 65000 sensors 
in the network while IEEE 802.15.6 supports 256 sensors. 
The reason is that IEEE 802.15.6 has been designed for a 
human body as compared to IEEE 802.15.4 has been 
designed for environmental applications. The energy 
consumption of IEEE 802.15.6 is high due to 
heterogeneous applications as compared to IEEE 
802.15.4 monitors homogeneous types of applications 
such as temperature of a room. The medium of data 
transmission in IEEE 802.15.6 is air, on-body and in-body 
while IEEE 802.15.4 uses an air as presented in Table 3. 
The disadvantage for in-body and on-body as medium 
for data transmission damage the skin and tissues 
during monitoring and transmission of results of vital 
signs as compared to air as medium. However, this type 
of situation is handled with SAR [33] which measures the 
temperature of skin and tissues before data 
transmission. The patient, and sportsman data are very 
significant and it does not bear higher delay with lower 
data reliability as compared to data of IEEE 802.15.4. 
Due to this reason, IEEE 802.15.6 provides higher 
transmission rate as compared to IEEE 802.15.4. Both 
standards use same types of channel access schemes. 
The controls overhead are high in IEEE 802.15.6 as 
compared to IEEE 802.15.4 due to its application 
sensitive data such as emergency and non-emergency 
data, dedicated channels allocation. The conclusion 
ends that IEEE 802.15.4 provides all those types of 
functionalities which require from IEEE 802.15.6. 
  
Table 3  Functionalities comparison of IEEE 802.15.4 and IEEE 802.15.6 [47] 
 
Objectives IEEE 802.15.6 IEEE 802.15.4 
Applications Patient, Sportsman, entertainment  monitoring of environments such as 
temperature, air pollution, Automatic 
operations 
Network coverage 1 to 6 Meter 10 to100 Meter 
No. of Sensors support 3 to 256 10 to 65000 
Energy Consumption High Average 
Data transmission 
medium 
Air, on-body, in-body Air 
Data transmission rate 50Kb/sec to 10 Mb/sec 20 Kb/sec to 250 Kb/sec 
Channel access 
mechanism 
CSMA/CA, TDMA, Aloha CSMA/CA, TDMA, FDMA, Aloha 
Controls Overhead High Low 
 
 
 
 
 
 
 
 
 
Figure 7  Physical frame structure of IEEE 802.15.4 (re-drawn from [48]) 
 
 
4.4   Physical Layer  
 
To activate and de-active the radio signal of a sensor, 
signals modulation, frame control, data transmission 
are the responsibilities of the physical layer. IEEE 
802.15.4 [48] and IEEE 802.15.6 [4][5] physical frame 
structure are presented in the following subsections. 
 
4.4.1 Physical Layer frame structure of IEEE 802.15.4.  
 
The physical frame structure of IEEE 802.15.4 is 
consisted of SHR, PHR and PH load as described in 
Figure 7 [48]). The SHR header comprises of a 
‘preamble sequence’ and ‘start of frame delimiter’. 
The PHR consists of a ‘frame length’ and in a similar 
way, the PH load includes ‘frame control’, ‘data 
sequence number’ and ‘frame check sequence’. 
The preamble-sequence reserves four bytes and uses 
to synchronize a BANC with BMSs when it broadcasts 
in the network. The Start of Frame-Delimiter uses one 
byte and demonstrates the start of frame to the 
receivers when it receives data. IEEE 802.15.4 PHY 
reserves one byte for Frame length and shows the total 
length of a frame to receiver. The frame control uses 
two bytes and updates whether the channel is under 
congestion or it is not congested. With this assistance, 
the BMSs transmit data without collision. Further, during 
data transmission, all BMSs use single channel with De-
MUX key which differentiates data of all BMSs on the 
receiver side with the support of data sequence 
number header. The frame check sequence (FCS) 
protects data during transmission from third party from 
violation and generates a hash value of messages. 
The hash value with original messages is sent to 
receiver and receiver applies the same method to 
generate a hash value. If the hash value of receiver is 
matched to the sender hash values, the receiver 
accepts the messages and believes that messages 
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has not tempered during transmission. Otherwise, the 
messages are dropped. 
 
4.4.2 Physical Layer Frame Structure of IEEE 802.15.6 
 
IEEE 802.15.6 physical layer provides assistance to 
activate and de-activate the radio signals of antenna 
and uses CCA to assure channel availability. Further, 
IEEE 802.15.6 is divided into Narrow Band (NB), Human 
Body Communication (HBC), and Ultra Wide Band 
(UWB) [4] [5]. These three methods have been used to 
transmit patient data in WBAN as described in the 
following sub-sections.  
 
IEEE 802.15.6 NB Physical Layer 
 
The NB PHY layer is constructed of the Physical Layer 
Convergence Procedure (PLCP) preamble, PLCP 
header and Physical Layer Service Data Unit (PSDU) [5] 
[49]. The PCLP preamble recovers the damaged 
contents of a message, packet detection and 
provides synchronization at receiver side. The PCLP 
header employs various techniques for signals 
modulation and demodulation such as Differential 8-
Phase-shift Keying (D8PSK), Differential Binary Phase- 
shift Keying (DBPSK) and Differential Quadrature 
Phase- shift Keying (DQPSK) [5]. The NB PHY layer is 
connected to MAC layer via PSDU header. 
 
IEEE 802.15.6 HBC Physical Layer 
 
The packet structure of HBC is comprised of PLCP 
preamble, Start Frame Delimiter (SFD), PLCP header 
and PSDU [5] [49]. Further, HBC uses Electrostatic Field 
Communication (EFC). With EFC supports, the HBC 
generates 64-bit code for PLCP preamble and SFD. 
The preamble helps for synchronization between 
BANC and BMSs whereas SFD detects the start of a 
new frame at the receiver side. The PCLP header 
provides two types of services as seen similarly in SFD 
and FCS. 
 
IEEE 802.15.6 UWB Physical Layer 
 
The UWB is the third type of a physical layer which is 
the most beneficial technology for short range 
communication for on-body sensors. The UWB 
provides low complexity, high performance and 
consumes minimum energy [5] [49]. The detailed 
structure is comprised of synchronization header 
(SHR), PHY header (PHR) and PSDU [5] [49].  The SHR 
provides preamble and SFD sub-headers. The PHR 
protects data during transmission for integrity violation 
and PSDU transmits the whole message to the 
receiver.  
 
 
5.0  CONCLUSION 
 
The routing layer is the same challenging problems as 
seen in WSN but the unique requirements are 
temperature issues and selection of efficient path for 
emergency data. The MAC layer is also challenging 
problems such as contention-based channel 
allocation to emergency and non-emergency data, 
no dedicated channel allocation to emergency data 
without performing contention and higher delay 
during contention with higher data collision. 
Numerous research contributions have been made for 
these challenging problems and have been tried 
resolved according to the need of patient data. 
Different signal modulation and de-modulation 
techniques have been shown in PHY layer.  This paper 
draws attention towards understanding the routing, 
MAC and PHY layers in WBAN which is different from 
WSN routing protocols.  
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